I
n the developing world, over 200 million children under age 5 suffer from poverty, poor health and nutrition, and inadequate education (1) . In the United States, between 35 and 45 percent of first-time kindergarteners are illprepared to succeed in school (2) . Early educational interventions have been recommended as one means of addressing these problems. Provision of early education has been increasing throughout the developing world but is far from complete or uniform (1) . Provision in the United States remains incomplete as well. One reason that early educational intervention may not be more widely provided is that its effectiveness continues to be debated. Can enriched preschool education produce substantial long-term gains in learning and development? Or, are gains at best short-lived? Can large-scale public programs replicate the results of small-scale research programs, and, if so, under what conditions? These questions, of keen interest to policy-makers as well as scientists, are addressed here with detailed consideration of individual studies and meta-analytic reviews.
Longitudinal Randomized Trials
Randomized trials with longitudinal follow-up of both intensive, small-scale programs and largescale public programs provide key insights into the production of long-term effects. Such studies offer the greatest confidence that estimated effects are due to the program and not to other factors.
In the early 1960s, an experiment randomly assigned 123 [58 experiment (E) and 65 control (C)] low-income African-American children in one southeastern Michigan neighborhood to the Perry Preschool program or to a control group (3) . Perry classes met 2.5 hours per day, 5 days per week, over a 30-week school year. Most children attended for 2 years beginning at age 3, free of charge, before entering kindergarten. Controls entered kindergarten at age 5. Perry teachers had at least baccalaureate degrees in education and were licensed public school teachers. The curriculum emphasized broad development, with teacherdirected activities accounting for about half the time and child-initiated activities about a quarter of the time. A teacher-student ratio of 1 to 5 or 6 facilitated frequent, highly individualized educational interactions. Home visits with each child (and parents) were conducted weekly.
Treatment and control groups did not differ on measured intelligence quotient (IQ) to start, but the preschool group was 0.87 standard deviation (SD) higher than controls by the end of the program. For comparability across studies, effects are reported as fractions of SDs, typically calculated as the difference between treatment and control groups, divided by control group SD. The IQ gain disappeared by age 8, but positive effects on achievement tests (e.g., 0.33 SD on reading and math at age 14) were found through age 27. To put these effects in context, reading and math achievement gaps at kindergarten entry between low-income and middle-income children are about 0.50 SD (4) . In addition, the preschool group had better classroom and personal behavior as reported by teachers, less youth misconduct and crime, fewer years of special education, and a higher high school graduation rate. Adult outcomes include increased earnings, decreased dependency on social welfare programs, reduced arrests, and improved health behaviors.
The Abecedarian study used a randomized trial to evaluate effects of full-day, year-round educational child care provided from about 4 months of age to kindergarten entry in North Carolina (5) . The preschool program did not include home visits, although family support services were provided to both treatment and control groups. The study followed 104 (54 E, 51 C) low-income children from program entry through age 21. Gains in IQ averaged 1.1 SD from age 18 months to age 54 months, declined after school entry, and remained about 0.33 SD from ages 12 through 21. Effects on reading and math achievement were roughly constant at about 0.50 SD from ages 8 to 21. Intervention recipients also had lower rates of repeating grades and special education, and they attained higher levels of education. Positive effects were also found for health-related behaviors and symptoms of depression (6) .
Studies in lower-income countries have similar long-term findings. A randomized trial (n = 129) of an intervention beginning at age 9 months and continuing to 24 months in Jamaica that taught mothers how to interact with their young, growth-stunted children found gains in child IQ and academic achievement tests and decreases in violent crime and depression through age 22 (7) . In Mauritius, researchers randomly assigned children (83 E, 255 C) at age 3 to an educational preschool staffed by well-trained and supervised (8) . At ages 17 to 26, the intervention children had lower rates of behavior problems and crime. The Mauritius study could not separate effects of program elements, but the Jamaican study found these long-term effects associated with the educational program but not with nutritional supplementation.
It may be more difficult to produce results like those above through large-scale public programs, and studies of such public programs have more mixed results. A recent randomized trial (n = 4667 initially) evaluated 1 year of Head Start (HS), the U.S. federal preschool program for children in poverty that provides education and broader services, including parent education and social and health services (9) . After 1 year of HS at age 3 or 4, 13 of 22 measures of language, literacy, and math effects were significant; these 13 averaged 0.18 SD. At the end of kindergarten and grade one, no significant cognitive or grade repetition effects were found. No positive effects were found on any teacher-reported measure of socioemotional development or behavior.
A randomized trial (n = 3001 initially) of Early Head Start (EHS), the federal early intervention program for infants and toddlers in poverty, produced results similar to those for HS (10) . EHS provided child care, parent-child activities, parenting and adult education, and other social services. Most children participated for 2 or more years. At ages 2 and 3, some cognitive and socialemotional benefits were found (0.10 to 0.15 SD). By age 5, no effects were found for cognition, and only one positive socioemotional effect remained, a reduction in aggression (11) . At grade 5 follow-up, no effects were found on any of 49 measures, including grade repetition and special education (12) .
Persistence, Fade-Out, and Sleeper Effects
In all four U.S. studies, effect sizes declined over time. However, the magnitude and persistence of effects differs greatly. HS and EHS effect sizes start small and disappear shortly after school entry, whereas Perry and Abecedarian effects are relatively large and longlasting. One proposed explanation is control-group participation in other preschool programs, which was 35% at age 4 and 25% at age 3 in the HS study. However, HS controls at age 3 and EHS controls likely experienced only child care of very limited educational value (13) . Furthermore, 68% of Abecedarian study controls attended relatively high quality child-care centers for more than 12 months before kindergarten, and the treatment group's cognitive advantage over these children was smaller from ages 2 to 4 than for those not in such centers (14) . The problem of control access to other services is not unique to HS and EHS.
Another possible explanation is that the quality of small-scale interventions cannot be maintained by large public programs. That hypothesis is contradicted by studies of U.S. public school pre-kindergarten (pre-K) programs that find gains two or more times greater than for HS (15) (16) (17) (18) and by studies abroad finding similarly large gains and persistent effects for public preschool programs (19) (20) (21) . Table 1 compares effects at age 4 for 1 year of HS and several public-school pre-K programs. The best-known follow-up study of public school pre-K, featuring a quasi-experimental design and extensive follow-up, is the Chicago Child-Parent Centers (CPC) study (n > 1000), which found that cognitive effects declined but persisted into high school (18) . Reductions in grade repetition and improved rates of high school completion were also seen. Essentially all of the Perry and Abecedarian effects are replicated, although CPC effects often are smaller (22) .
Another explanation offered for the fade-out of immediate effects is that the limited effectiveness of the public schools attended by HS graduates erodes the program's impact. This explanation is inconsistent with findings that cognitive growth was slow for both HS and control groups in the preschool years, whereas math and literacy achievement accelerated in kindergarten and first grade for both groups (9) .
It has been suggested that HS and other intervention programs might produce "sleeper effects" or delayed effects that appear later in life despite the fade-out of initial cognitive gains (23) . Multiple paths have been suggested through which the initial effects of early intervention may become biologically embedded and produce later impacts on development, especially mental and physical health (24, 25) . However, sleeper effects are not found in the Perry, Abecedarian, and CPC studies, which find continuity in effects over time; cognitive effects may decline, but there is no hiatus. These findings contrast sharply with lack of effects for EHS from age 5 to grade 5 and for HS in kindergarten and first grade. Nonexperimental findings of positive long-term HS effects on nonhealth outcomes are inconsistent with this evidence and with each other (26) . Apparent sleeper effects may be explained by the high probability of false positives when many researchers conduct such studies (27) .
A somewhat different explanation is that, if early educational interventions have only small initial impacts, the compensatory efforts of public schools for children who enter school behind may succeed in offsetting the entire advantage (28) . Such efforts gradually equate achievement over time so that what is observed is "catch-up" rather than "fade-out." There is, of course, a cost for compensatory efforts partly documented in economic analyses of the Perry and Abecedarian studies (29) . For example, preschool study control groups had higher rates of grade repetition and special education (3, 6, 22, 29) . As discussed below, the pattern of declining effects of interventions is not observed in low-income countries, perhaps indicating weaker compensatory effects of less-well-resourced primary education systems.
An explanation for differences in initial effects between programs can be found in differences in program features. HS and EHS provide comprehensive services, whereas the public school programs in Table 1 focus their resources more on the classroom. HS and EHS teachers are less educated and less well-paid; the other programs in Table 1 require bachelor of arts degrees and pay public-school salaries (15) (16) (17) (18) . Nearly 40 percent of HS teachers report mild to severe depression, a condition not conducive to enriching interactions with young children (30) . Findings regarding the effects of teacher characteristics are mixed, and it is unlikely that more highly qualified teachers alone are sufficient to produce strong results (31) . However, one study finds HS employing licensed teachers at public school salaries to produce much larger effects than reported in the national randomized trial (16) . Differences in how teachers teach between HS and the public schools also may influence the results (16) . Curriculum influences a wide range of program impacts, including social behavior as well as cognitive development (32, 33) .
Overview from Meta-Analysis
Comprehensive quantitative summaries, or metaanalyses, provide a basis for assessing the whole empirical literature and its consistency with the studies discussed above. Meta-analyses convert all measures of effects to SD units so that they can be summarized across studies. One recent meta-analysis included 123 quasi-experimental and experimental studies of U.S. center-based educational interventions, including children from ages 3 to 5 and published between 1960 and 2003 (34, 35) . Estimated effects are reported for three Table 1 . Achievement gains at age 5 from pre-K and HS. Effects in SDs. HS estimates adjusted for subject noncompliance are in parentheses (9); na indicates not applicable. Differences in methodology could favor the other programs over HS if, for example, the HS impact study suffers more from control participation in other programs. On the other hand, HS effects are measured in the spring before kindergarten, whereas other program effects are measured after kindergarten entry, which favors HS if effects decline over the summer. Data sources are as follows: for CPC, (39); Tulsa, (16); OK (Oklahoma), (15) ; NJ (New Jersey), average of estimates from two different years (15, 17) ; HS, (9 Another meta-analysis reviewed 30 studies of non-U.S. early educational programs (mostly in low-income countries), including only randomized trials and stronger quasi-experimental designs (36) . The international metaanalysis classified outcomes as cognition, social behavior, health, and school progress. The U.S. meta-analysis found average effects of 0.23 SD for cognition, 0.14 SD for school progress, and 0.16 SD for social-emotional development from age 3 to adulthood (34) . Effects on cognition were larger before age 5 than in later follow-up and when higher-quality research designs (e.g., randomized trials) were used (Fig. 1) . No significant associations were found between effects and age at start, program duration, or economic background of children served. However, the vast majority of programs focused on disadvantaged children. Larger cognitive effects were found for programs that emphasized direct instruction (+0.25 SD) and individualized (one-to-one or small group) teaching (+0.16 SD) and that did not offer comprehensive social services (+0.19 SD).
The international meta-analysis only examined results from relatively rigorous studies and found average effects for early educational interventions of 0.35 SD for cognition, 0.41 SD for school progress, 0.27 SD for behavior, and 0.23 SD for health (36) . Many educational interventions included a nutritional component, reflecting the circumstances of children in low-income countries. However, cognitive effects did not vary by age (before and after age 7). The 0.35 SD cognitive effect is very similar to the follow-up results from high-quality studies in the United States (Fig. 1) . No association was found between effects on cognition or school progress and age at start or duration. Effect sizes for cognition and school progress did not differ between higher-and lowerincome countries, echoing the consistency with cognitive results from the U.S. meta-analysis.
What Program Characteristics Matter?
Clearly, not all early educational interventions are equally effective, with substantial variation in outcomes for parenting education as well as classroom programs (37) . Despite oft-heard claims that earlier is better, starting education interventions before age 3 does not appear to be a major contributor to effectiveness, although health and early nutrition components may be more effective when begun earlier (7, 38) . The effects of many other program features, including intensity and duration, are uncertain. Few program design questions have been systematically addressed in randomized trials. However, some strong associations are found. Findings that comprehensive services are neither necessary nor sufficient for large, sustained gains and that direct instruction is associated with greater cognitive gains also challenge conventional views.
Direct instruction was associated with greater cognitive gains in the CPC study as well as the U.S. meta-analysis (18, 34) . Direct instruction is teacher-directed, is focused on specific skills, and may be highly scripted. It is one type of intentional teaching, which goes beyond discrete skills and, if unscripted, requires teachers to plan carefully what they will teach, to whom, and in what manner. Perry and Abecedarian used intentional teaching, including direct instruction (3, 5) . Examples include working with children to compare weights of classroom objects on a balance scale, follow recipes, and take dictation to write captions for artwork. Effective intentional teaching is not whole-class instruction but oneon-one and in small groups (34) . Large gains in other important domains such as executive function (e.g., focused attention) and social-emotional development likely require a balance of teacherdirected and child-initiated activities, including dramatic play (e.g., role playing) (3, 18, (31) (32) (33) (34) .
Conclusions
Early educational intervention can have substantive short-and long-term effects on cognition, socialemotional development, school progress, antisocial behavior, and even crime. A broad range of approaches, including large public programs, have demonstrated effectiveness. Long-term effects may be smaller than initial effects, but they are not insubstantial. These findings are quite robust with respect to social and economic contexts. Early educational intervention can improve the development and adult success of disadvantaged children in the developing world as well as in advanced economies. The potential return to societies on such investments is high (29) , and huge numbers of children in the developing world could benefit (1, 7, 8, 36 ). Yet, not every program has been effective, and some have produced cognitive gains but not other important effects such as reductions in crime. Expanded coverage should be guided by models found to be highly effective and by new research.
Randomized trials raise questions about the effectiveness of two major public programs in the United States, HS and EHS. The poor results cannot likely be ascribed to insufficient duration. EHS provided multiple years of services. One year of some other large public programs-typically operated through the public schools-produced larger and more lasting effects in quasi-experimental studies using designs likely to produce results similar to those of randomized trials (15, 22) . These other programs more closely resemble programs that produced large gains in small-scale experiments (e.g., Perry and Abecedarian) with respect to teacher characteristics and a focus on education. This is not true of all public school pre-K programs, because they vary considerably from state to state.
Both individual study comparisons and the U.S. meta-analysis suggest potentially large improvements in public early educational interventions. EHS and HS might improve their results by providing richer educational experiences. EHS could increase and improve both parenting education and direct classroom experiences. HS may need to focus more resources on the classroom to recruit and retain better teachers. Improving teaching practices may also require increased spending on supervision and coaching of teaching staff. Without budget increases, these changes would require a reduction in program resources devoted to other activities (for example, social services and adult education). There is no consensus among researchers regarding the value of teacher qualifications (31), but a systematic statewide reform that included raising teacher qualifications and pay greatly improved preschool program quality (17) . Given the limitations of the literature, reforms should be guided by systematic experimentation, with design alternatives based on what has produced large gains in the past and little deference to current program doctrine.
Programs of experimental research investigating the contributions of program features to short-and long-term impacts of early educational intervention are recommended for both developed and developing countries. Relatively few studies inform policy and practice in the developing world. Considerable investment in program improvement research is justifiable, because well-designed programs have generated benefits 10 times greater than their costs whereas poorly designed programs may not even return their costs (29) . This research should investigate such costly features as duration, This paper examines the relationship between scientific research and public policy. After explaining why the simple conversion of research into public law is unlikely, several factors are identified that can promote the use of research by public officials. Examples of use and non-use are cited from early childhood education, where empirical evidence on program effects is relatively strong. Some specific suggestions are offered for improving the connection between science and public policy.
I n early childhood education, as in many other domains, scientific research informs public policy. Researchers and public officials frequently collaborate in promoting or challenging early childhood education programs. Of course, public policy also depends on public opinion, interest groups, political parties, the mass media, elected officials, judges, and bureaucrats (Fig. 1) . In addition, economic conditions, social mores, and "focusing events" such as scandals and natural disasters can advance or sabotage a policy proposal (1) . As a result, scientists sometimes believe that their influence is limited at best.
I discuss here the connection between scientific research and public policy, focusing on early childhood education, an area characterized by relatively strong scientific evidence. First, I discuss reasons why scientific research may not be directly translated into public policy. Second, I identify situations and practices that facilitate the conversion of scientific research into public policy. Third, I cite examples of early childhood education research impacts on public policy. Fourth, I discuss specific cases where early childhood education policy proposals justified by scientific research were rejected by public officials. Fifth, I offer suggestions for strengthening the connection between science and policy.
Expectations A simple view of the relationship between science and public policy holds that a well-crafted piece of policy-relevant research should convince public officials to alter their policy preferences.
They should champion the adoption and sustenance of legislation consistent with the findings of that research. They should translate good science into good public policy.
This view, which draws on the Progressives' faith in technical expertise for solving social problems (2) and scientists' own faith in their published work, has some basis in fact. Science is among the most admired professions (3). Scientists enjoy a privileged position in determining what types of analysis are perceived as valid and legitimate (4) . Lawmakers often welcome scientific advice, in the hope of moving beyond "just guesses and hunches." (5) Nevertheless, a hypodermic needle theory of scientific impact on policy, which anticipates direct, immediate, and powerful effects, is flawed for several reasons. First, scientific research is one of many inputs into the policy process. In one study of the U.S. federal policymaking process, researchers, academics, and consultants were judged to be "very important" by only 15% of knowledgeable respondents, including congressional staff members, civil servants, and others (1) . In contrast, 33% of respondents viewed interest groups as very important, and legislators and executive branch officials were judged very important by even higher percentages of respondents (1) . In a crowded political arena, scientists can be eclipsed by other actors, events, and trends.
Second, scientific knowledge accumulates through multiple studies, some of which reach
